Objective: To determine if a change in the pulse oximeter goal range and high alarm limit for oxygen saturation (SpO 2 ) alters the distribution of SpO 2 for premature infants in oxygen.
Introduction
Monitoring systemic oxygenation in sick neonates to avoid hypoxia and hyperoxia is a routine aspect of neonatal intensive care. This is especially important for premature infants given the putative role of oxygen in the pathogenesis of morbidities such as Bronchopulmonary Dysplasia (BPD) and Retinopathy of Prematurity. [1] [2] [3] [4] Pulse oximeters are a commonly used biomedical device to monitor oxygenation in preterm infants. 5 Advantages of pulse oximetry are a rapid response time to changes in oxygen saturation, provision of continuous information non-invasively and absence of the need to calibrate before use. 6 Although pulse oximetry is prevalent in Neonatal Intensive Care Units (NICU), important questions and concerns remain regarding its clinical use as the primary means of monitoring oxygenation for infants requiring supplemental oxygen. 7 In fact, there is sparse information to demonstrate if bedside providers are able to maintain oxygen saturation (SpO 2 ) in a designated goal range of SpO 2 . Thus, the objective of this study was to determine if a change in both the NICU pulse oximeter goal range and the high alarm limit for SpO 2 altered the distribution of SpO 2 values within, above and below the goal range among preterm infants.
Materials and methods
This study was nested within a National Institute of Child Health and Human Development Neonatal Research Network (NRN) multi-center trial of Benchmarking to reduce BPD. The latter was a randomized trial in which NICUs were randomized to either implement changes in care practices as part of a Benchmarking initiative, or function as a control center without a planned benchmarking process. This report describes a specific benchmarking initiative conducted at a single center, Parkland Hospital, which was one of the center NICUs randomized to Benchmarking. Parkland Hospital is the sole city-county hospital facility for Dallas, Texas providing neonatal intensive care for a largely inborn population that is predominantly Hispanic (E70%) with annual NICU admissions of 1049 and 1085 for 2002 and 2003, respectively. This was a prospective, observational analysis of an SpO 2 target and alarm limit change on resultant SpO 2 distribution. The inclusion criteria for the patient population consisted of in-born premature infants, birth weight of 501 to 1250 g and receiving continuous supplemental oxygen (either with or without ventilator support including continuous positive airway pressure) for a 24 h interval coinciding with pulse oximetry data collection. Exclusion criteria were major congenital anomalies or syndromes that could impact the development of BPD, and infants for whom the study oxygen saturation goal ranges were deemed to be medically inappropriate (e.g., congenital heart disease or pulmonary artery hypertension). Infant's oxygen saturation data were downloaded during consecutive time intervals before and after a change in a pulse oximetry monitoring policy. Each of 23 infants provided one data download from Groups were managed with a different policy for the use of pulse oximeters when supplemental oxygen was required in the NICU. For group 1, the desired goal range to maintain SpO 2 was 90 to 95% and the low and high alarm limits were recommended to be set at 80 and 96%, respectively. As part of the Benchmarking initiative, the policy was changed in May 2002 and the desired goal range for SpO 2 of group 2 infants was 88 to 94% with the low and high alarm limits recommended to be set at 80 and 94%, respectively. The rationale for this initiative was the concern that the SpO 2 target range and alarm limits of group 1 may result in higher SpO 2 values and potentially contribute to observed rates of BPD. The limited duration of period 1 reflected time constraints set by the Benchmark Trial to initiate changes in care practices within a specific time frame. Data downloads occurred on randomly selected days on all infants who met the inclusion criteria.
The approach, evaluation and response of the NICU staff to SpO 2 values beyond the goal range were similar for both groups. The usual training of nurses caring for infants on pulse oximeters insure that the heart rates of the pulse oximeter and cardiac monitor are in agreement before reacting to an SpO 2 value out of the goal range and to always evaluate the infant before responding to any pulse oximeter alarms. The approach to SpO 2 values below the goal range was as follows: for SpO 2 values of 80% to the goal range, the infant was allowed to increase the SpO 2 spontaneously and if there was no increase after 1 or 2 min, the FiO 2 was increased (inspired oxygen concentration) by 0.1; for SpO 2 values of 70 to 79%, the FiO 2 was increased by 0.2 and for SpO 2 values <70%, the FiO 2 was increased to 1.0. Upon recovery from a desaturation episode, the FiO 2 was reduced to maintain SpO 2 in the goal range. For SpO 2 values above the target range, the FiO 2 was reduced in increments no greater than 5% over 3 to 5 min, until the SpO 2 values were reduced to the appropriate range. The high alarm limit was increased to 100% when infants in either group were in room air.
All pulse oximeters were Nellcor N 395 (Nellcor Inc., Pleasanton, CA, USA) with an accuracy of ±3% between 70 and 100%. All pulse oximeters were adjusted to have the following settings: neonatal mode, alarm volume at 2, silent pulse beat volume, alarm silence duration at 120 s and saturation seconds alarm at 25 s. Data were recorded at 10 s-intervals.
Pulse oximeter stored SpO 2 data were downloaded using SCORE software (Mallinckrodt Inc., Minneapolis, MN, USA) and exported to Excel. In excel, 24 h of data for each infant were formatted to provide the percentage of time above, within and below the goal range of SpO 2 values for group 1 (>95, 90 to 95 and <90%, respectively) and group 2 (>94, 94 to 88 and <88%, respectively). Intervals (of 24 h) were used for downloads to provide information on all the shifts of care providers in the NICU. Non-recorded data from arteifacts such as motion represented median values of 0.64 and 0.72% of all downloaded data points of a 24 h period for groups 1 and 2, respectively. Results for the percent time each day within specific SpO 2 strata were therefore not adjusted for the small quantity of non-recorded data within a 24 h period. Downloads of SpO 2 data were unannounced for both groups and were performed twice a month for the first 6 months between February 2002 and August 2003 and monthly thereafter based on the availability of one of the authors (JA). After the policy change, downloaded data from all group 2 infants meeting the inclusion criteria on a specific day were combined to provide a 'unit histogram' using the SpO 2 ranges described above (Figure 1 ). Those data were posted in the NICU and fed back to the NICU staff during mandatory educational in-services. Compliance with setting the predetermined pulse oximeter alarms by the bedside nurse was determined by unannounced surveys at 2 or 4 weeks intervals throughout the study. The low and high alarm limits were recorded, and the percent of infants with alarm limits at values other than the stated policy was calculated, and fed back to the NICU staff in a graph format during period 2 only. The policy for the use of pulse oximeters was the same for low birth weight and near term and term infants who required oxygen, and the alarm limit surveys included all infants with a pulse oximeter in the NICU, irrespective of whether they did or did not meet inclusion criteria. Additional data on infant's characteristics, perinatal information and selected cardiopulmonary variables were prospectively collected by chart review.
Data analysis included multivariate analysis of variance, t-tests and w 2 comparisons where appropriate. Data are presented as the mean±standard deviation or when indicated as the median and range. A P<0.05 was used to indicate statistical significance.
Results
Demographic characteristics and selected perinatal and cardiopulmonary variables are listed in Table 1 for infants in both groups of the study. Infants were similar in all parameters except for a higher percent of infants treated with post-natal steroids for ventilator dependence in group 2.
The percent of time that SpO 2 values were within, above or below the goal range for groups 1 and 2 are listed in Table 2 . For group 1, the percent of time within, above and below the goal range of 90 to 95% was 57.7±9.8, 15.4±10.6 and 26.9±9.7%, respectively. For group 2, the percent of time within, above and below the goal range of 88 to 94% was 59.4±12.4, 14.0±9.4 and 26.6±10.2%, respectively, and did not differ from values for group 1. We further explored the distribution of SpO 2 below the common lower limit of 80% in both groups. The percent of time with SpO 2 values <80% did increase from 1.9±1.4% in group 1 to 4.0±2.7% in group 2 (P<0.001). The median post-natal ages for the infants that provided the oxygen saturation downloads in groups 1 and 2 did not differ (14 and 18 days, respectively). However, as downloads were performed over a wide range of post-natal ages (day of life 3 to 76 and 1 to 97 for groups 1 and 2, respectively), the distribution of age at download was compared. The percent of infants with downloads performed at <8, 8 to 14, 15 to 21 and >21 days was 22, 30, 9 and 39% for group 1, respectively, and did not differ from group 2 (16, 25, 18 and 41%, respectively). Whether assisted ventilation was used or whether breathing occurred without ventilator support was not recorded at the time of SpO 2 downloads. As group 2 extended over 16 months, the percent of time within, above and below the predetermined SpO 2 ranges were examined during consecutive 4-month intervals. The number of infants in each 4-month interval ranged from 7 to 17 and there were no differences in the distribution of time for SpO 2 values between any of the four intervals encompassing group 2.
Intermittent surveys for the pulse oximeter alarm limits in 193 infants during the interval that included group 1 infants indicated that alarms were incorrectly set 26±15% of the time (range 6 to 56%). This was not different from the compliance with the alarms' setting during the interval that included group 2 infants: incorrect 23±16% of the time (range 0 to 50%) in a total of 391 infants. Incorrect alarms on the pulse oximeter predominantly involved the high alarm limit for infants in whom the oxygen requirement varied between room air and low supplemental oxygen.
Discussion
There are two principal findings of this report. First, a benchmarking approach can be used successfully to achieve and sustain a change in a pulse oximeter policy. Second, changes in pulse oximeter policies may lead to inadvertent shift in oxygen saturation to undesirable levels.
The participation of the Parkland Hospital NICU in a Benchmarking initiative to reduce BPD provided an opportunity to re-examine the policy for the use of pulse oximetry. The rationale for changing our pulse oximetry guideline was the concern that high SpO 2 values were common and may represent one factor in The goal range for group 1 was 90 to 95% and for group 2 was 88 to 94%.
Pulse oximetry in VLBW infants AR Laptook et al the complex pathway to BPD. We shifted our goal range for maintaining SpO 2 values from 90 to 95 to 88 to 94% based upon in vivo correlations between SpO 2 and arterial oxygen tension, and that SpO 2 has a low sensitivity for identifying hyperoxia owing to the flat portion of the hemoglobin-oxygen saturation curve as the arterial oxygen tension increases. 8, 9 This was carried out knowing that the optimal range to maintain SpO 2 values is unknown for acutely ill preterm infants. 10, 11 We undertook this observational study because there is little information regarding the success of bedside providers to maintain SpO 2 values within defined goal ranges. The results indicated that the percent of time within the goal range was similar (E60%) when the goal range changed from 90 to 95 to 88 to 94%. Given that the new range was wider (albeit only 1%), this should have facilitated achieving a higher percent time within the goal range of group 2 infants. In spite of this, the results are encouraging and compare well to the previously reported 66±14% of time that SpO 2 values were maintained within an even wider goal range of 88 to 96% by a dedicated nurse whose sole responsibility was to manually adjust the inspired oxygen over 2 h for each studied infant. 12 However, the use of a computer controlled closed feedback loop between pulse oximeter and oxygen source resulted in greater time in the goal range (75±13 vs 66±14%, P<0.05).
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In view of the finding that the percent time in and above the target goal are similar (>95% for group 1 and >94% for group 2), it is safe to conclude that the policy change was successful in reducing the time with high SpO 2 values. However, a concerning observation was the increased time with SpO 2 <80% for group 2, although the total time less than the goal range was similar for both groups (Table 2) . A number of variables may contribute to the latter observation other than the change in goal range and upper alarm limits. First, the higher percentage of infants during period 2 that received post-natal steroids might suggest higher acuity of illness, a more labile pulmonary status and a greater challenge for the nurse to maintain SpO 2 values within the range of 88 to 94%. The use of post-natal steroids for infants deemed ventilator dependent was based on Attending discretion and not adherence to a pre-specified treatment criteria. Furthermore, the use of postnatal steroids as listed in Table 1 do not reflect the use of this medication for all infants with a birth weight <1250 g cared for in the Parkland Hospital NICU. The results are based on a single random download per patient and may not be representative of the periods studied. Second, wide swings in SpO 2 may be more frequent early in life when lung injury is evolving; the distribution of the age at download was similar between groups and should not have contributed to the increased time with lower SpO 2 in group 2. Third, the non-compliance with setting alarm limits; noncompliance did not differ between groups and predominantly reflected improper setting of high alarms (alarm limit of 100% when in O 2 ) which should not affect SpO 2 <80%. Fourth, technical considerations of the pulse oximeters (averaging time, motion artifacts and features to limit nuisance alarms) should not influence the distribution of SpO 2 values for either group as the same pulse oximeter was used in each period. 13, 14 Specific information regarding location of the pulse oximeter (pre-vs postductal) is not available. A final consideration is that as groups 1 and 2 were studied over sequential time periods, differences in patient characteristics and patient care practices cannot be excluded as contributing to the observed distribution of SpO 2 values.
An important consideration is whether the shift in distribution of SpO 2 values was harmful to the infants. This concern cannot be determined with this study design. The optimal range of SpO 2 values to minimize the risks of hyperoxia and hypoxia during the acute phase of illness remains unknown in preterm infants. 11 A limited number of studies have examined the effect of maintaining SpO 2 in different ranges on retinopathy of prematurity (ROP) 15 and growth and neurodevelopment during the first year of life. 16 These studies were limited to convalescing premature infants and represent a different population from those in this report. There are a number of recent reports that suggest improved outcomes for BPD and ROP with tolerance of lower SpO 2 values. 17, 18 However, neither of these reports document changes in SpO 2 values but correlate changes in outcome with differing policy for use of pulse oximetry. It is not the intention of this study to conclude that increased time with lower SpO 2 values was deleterious or beneficial based on the present observations. Rather, the important finding is that a relatively small change in the goal range for maintenance of SpO 2 from 90 to 95 to 88 to 94% and lowering the upper alarm limit from 96 to 94% led to a potentially important change in distribution of SpO 2 values which was unanticipated. This observation may have implications for many NICUs, as a national survey reported that the most frequent finding regarding pulse oximetry in preterm infants on supplemental oxygen was setting the high alarm limit between 97 and 100%. 19 Changes in the high alarm limit may lead to unexpected changes in SpO 2 distribution.
Based on the observations of this report, it would seem prudent to examine the distribution of SpO 2 values for infants in supplemental oxygen. Many pulse oximeters have histogram features incorporated in their display menus and some can be adjusted to specific SpO 2 ranges. Furthermore, if a change in pulse oximetry guidelines is instituted, data should be collected to determine if the desired change in distribution of SpO 2 values has been accomplished.
